Background. Inability to efficiently clean all root canals due to the complex anatomy of the root canal system is a common cause of endodontic treatment failure.
Introduction
Inability to efficiently clean and treat all root canals due to the complex anatomy of the root canal system is a common cause of failure of non-surgical endodontic treatment. Missing a canal, inadequate knowledge on the morphological and anatomical variations of the root canals and teeth, incorrect interpretation of the angulated radiographs of the respective tooth, inappropriate access cavity design, and inefficient cleaning, shaping or obturation of the root canals are among the main causes of endodontic treatment failure. 1 Therefore, knowledge of the complex internal morphology of the root canal system is imperative, prior to treatment planning and the commencement of treatment. Also, adequate knowledge of the root canal morphology of all teeth is a prerequisite for successful endodontic treatment. 2 The molar teeth commonly require endodontic treatment due to the high prevalence of caries. 3 On the other hand, endodontic treatment of the mandibular teeth is challenging due to the variations in their morphology. 4 The molar teeth have a wide range of anatomical variations with respect to the number of roots and canals. 5 Several methods have been employed for the assessment of roots and canals. The clearing and staining technique is among the most commonly used methods for the evaluation of the root canal system. 3 However, recent studies have used cone-beam computed tomography (CBCT) for this purpose, since this imaging modality enables accurate visualization of details without noise or the superimposition of adjacent structures. 6 Cone-beam computed tomography has been used in endodontics since the 1990s. The applications of CBCT in endodontics include the assessment of endodontic and non-endodontic pathologies, internal and external root resorption, and anatomical variations of the root canal system. 7 Cone-beam computed tomography enables 3-dimensional visualization of anatomical structures and pathological lesions, and is a highly valuable modality for this purpose. 8 Despite the presence of numerous studies on the root and canal morphology of the maxillary and mandibular molars, studies on this topic using CBCT are scarce. Considering the diversity in the anatomical and morphological variations of the tooth roots in different populations and races, and the significance of knowledge on this subject for successful endodontic treatment, this study aimed to assess the root canal morphology of the maxillary and mandibular second molars in the Iranian population using CBCT.
Material and methods
This descriptive, cross-sectional study was performed on 502 CBCT scans. The CBCT scans belonged to patients who required orthodontic, surgical or implant treatment in the years 2014-2017. The study was approved by the ethics committee of Hamadan University of Medical Sciences, Iran (IR.UMSHA.REC.1396.239).
The inclusion criteria were as follows: high-quality CBCT scans, visualization of the maxillary and mandibular second molars on CBCT scans, absence of restorations and no previous endodontic treatment of the molar teeth, absence of periapical lesions or periodontal ligament widening, absence of internal and external root resorption, and presence of completely formed roots. 9 All CBCT scans had been obtained with a CRANEX ® 3D CBCT system (Soredex, Tuusula, Finland) with 0.2 mm voxel size and 6 × 8 cm 2 field of view. All images were evaluated in axial, coronal and sagittal sections using OnDemand3D TM Dental software (Cyber med, Inc., Seoul, South Korea). To assess the number of roots and types of canals, the cross-sectional images were reconstructed along the parasagittal and paracoronal planes so that the path and morphology of the canals could be easily evaluated and analyzed from the buccolingual and mesiodistal directions. The slice thickness was 0.5 mm and the slice interval was 1 mm in the parasagittal and paracoronal image reconstructions.
The CBCT scans of the teeth that met the eligibility criteria were evaluated in terms of the number of roots ( Fig. 1) and types of canals in each root according to the Vertucci classification 6 : -type I: 1 single canal from the pulp chamber to the apex; -type II: 2 separate canals exiting the pulp chamber, but merging close to the apex; -type III: 1 canal exiting the pulp chamber and branching into 2 canals that eventually merge; -type IV: 2 separate canals from the pulp chamber to the apex; -type V: 1 canal exiting the pulp chamber and branching into 2 canals that eventually lead to 2 separate apical foramina; -type VI: 2 separate canals exiting the pulp chamber, merging at the mid-root, branching again, and ending at 2 apical foramina; -type VII: 1 canal exiting the pulp chamber, branching into 2 canals at the mid-root that merge again and branch again ending at 2 apical foramina; -type VIII: 3 separate canals from the pulp chamber to the apex (Fig. 2) . Other evaluated items included the presence of maxillary second molars with 2 palatal roots ( Fig. 1C) , presence of C-shaped canals in the maxillary and mandibular second molars (Fig. 3) , and presence of a second mesiobuccal canal in the maxillary second molars (Fig. 4 ). Age and gender of the patients were recorded as well. One radiologist and 2 endodontists separately viewed the images twice within a 2-week interval. The data was analyzed using the IBM SPSS Statistics software v. 22 (IBM, Inc., Armonk, USA) via descriptive statistics, Fisher's exact test, the independent samples t-test, and the χ 2 test.
Results
A total of 502 CBCT scans of patients were evaluated, which belonged to 301 females (60%) of a mean age of 38.04 ±12.73 years and 201 males (40%) of a mean age of 40.60 ±12.58 years. The overall mean age of the patients was 39.06 ±12.72 years. The intra-observer and inter-observer agreements were found to be 96% and 89%, respectively, which indicated high agreement. A total of 1,082 second molars (447 mandibular and 635 maxillary second molars) were evaluated. Table 1 presents the frequency distribution of different types of roots. Tables 2 and 3 show the frequency of different types of canals in different roots according to the Vertucci classification. Tables 4 and 5 present the number of canals in the roots of the mandibular and maxillary second molars. Of 635 maxillary second molars, only 2 had 4 roots and showed a second palatal root. Of 447 mandibular second molars, 41 (9.2%) had C-shaped canals. Specifically, 29 females (10.5%) and 12 males (7.0%) had C-shaped canals in their mandibular second molars. According to Fisher's exact test, the difference between males and females in the prevalence of C-shaped canals in the mandibular second molars was not significant (p = 0.240). The mean age of the patients with C-shaped canals of the mandibular second molars was 34.17 ±13.83 years and of those without C-shaped canals in the mandibular second molars -36.84 ±12.05 years. According to the independent samples t-test, this difference was not significant (Tables 6,7). An assessment of the maxillary second molars revealed only 1 case of a C-shaped canal.
Of 635 maxillary second molars, 558 had 1 mesiobuccal root, out of which 120 had a second mesiobuccal canal. The χ 2 test showed a significant correlation between the prevalence of maxillary second molars with a second mesiobuccal canal and gender (p = 0.002; Table 8 ).
The independent samples t-test showed a significant correlation between the mean age of patients and prevalence of maxillary second molars with 2 canals in the mesiobuccal root (p = 0.001; Table 9 ). 
Discussion
In this study, 502 CBCT scans of patients were evaluated. A total of 1,082 second molars, including 447 mandibular and 635 maxillary second molars, were assessed. The results showed that the prevalence of single-rooted, 2-rooted, 3-rooted, and 4-routed maxillary second molars was 7.9%, 4.2%, 87.6%, and 0.3%, respectively. Vertucci type I was the most common canal type in the palatal, mesiobuccal, distobuccal, and additional roots of the maxillary second molars. One single canal was the most common canal type in the palatal (99.1%), mesiobuccal (78.5%) and distobuccal (99.6%) roots of the maxillary second molars.
Neelakantan et al. showed that of maxillary second molars, 0.9% were single-rooted, 5.8% were 2-rooted, 93.1% were 3-rooted, and 0.9% were 4-rooted. 10 Similarly in our study, maxillary second molars with 3 roots had the highest and those with 4 roots had the lowest frequency. In line with our findings, Ng et al. observed in their study that all maxillary second molars had 3 separate roots.
11
All palatal roots (100%) and the majority of the distobuccal roots (96%) had 1 single canal and were Vertucci type I. A mesiobuccal root with 2 canals was observed in 68%, 49% and 39% of first, second and third molars, respectively. Vertucci types II and IV were the most common canal morphology in the mesiobuccal root.
The current findings, compared to other studies, showed that the maxillary second molar root and canal morphology had high variability in the Iranian population and its anatomical variants were different from those in other populations. In the present study, 78.5% of the maxillary second molars had single-canal mesiobuccal roots, which were Vertucci type I, and 120 (21.5%) mesiobuccal roots had a second mesiobuccal canal, out of which 18.1% were Vertucci type II and 3.4% were Vertucci type IV. Similarly, Sadeghi and Sadr reported that 74% of the mesiobuccal roots of second molars were Vertucci type I, whereas Kim et al. reported the prevalence of a second mesiobuccal canal in the mesiobuccal roots of second molars to be 34.39%. 13 This value was 42.2% in a study by Lee et al. 14 Alavi et al. and Ng et al. reported the presence of additional canals in the mesiobuccal root in 56% and 49% of second molars, respectively. 15, 11 This rate was 58% in a study by Shalabi et al. 16 According to previous studies, the prevalence of a second mesiobuccal canal in the mesiobuccal root of maxillary second molars is significantly correlated with age, gender and position of the tooth. 13, 17, 18 The current study also showed a significant correlation between the age and sex of patients and the occurrence of a second mesiobuccal canal in the maxillary second molars, i.e., the prevalence of a second mesiobuccal canal in the maxillary second molars was higher in males and in younger patients.
Gomes et al. used CBCT and demonstrated that 68.23% of maxillary molars had a second mesiobuccal canal, and a significant correlation existed between the prevalence of a second mesiobuccal canal and the age and gender of patients. 17 The prevalence of a second mesiobuccal canal was higher in younger patients irrespective of gender. Conversely, another study reported higher prevalence of a second mesiobuccal canal in older individuals. 19 Knowledge of the morphology of the roots and canals of the mandibular second molars in different races and populations is imperative. The current results revealed that the prevalence of mandibular second molars with one, 2 or 3 roots was 9.2%, 88.8% and 2.0%, respectively. The most common canal type in the mesial (54.7%) and distal (97.5%) roots of the mandibular second molars was Vertucci type II and I, respectively. The most frequent number of canals in the mesial (84.0%) and distal (97.5%) roots of the mandibular second molars was 2 canals and 1 single canal, respectively. In a study by Gulabivala et al., 58% of second molars had 2 roots, and Vertucci types II and IV were the most common canal types in the mesial root. 20 In a study by Zhang et al., 76% of second molars had 2 roots, 22% had 1 root and 2% had 3 roots. 21 Their results are in agreement with our findings. Moreover, 97% of the distal roots and 42% of the mesial roots were Vertucci type I, 65% of the mesial roots had 2 canals and were Vertucci type IV, and 27% were Vertucci type V. Compared to our study, 84.0% of the mesial roots had 2 canals, out of which 54.4% were Vertucci type II and 28.6% were Vertucci type IV.
Our findings, compared to those of the above-mentioned studies and the results of Ahmed et al. 22 and Weine et al., 23 indicated that the frequency of mandibular second molars with 2 roots in our study was higher than the rate reported in other populations, and the anatomical and morphological variations of the second molars in our study were different from those in other populations.
The current results indicated that of 447 mandibular second molars, 9.2% had C-shaped canals. No significant correlation was noted between the prevalence of C-shaped canals in the mandibular second molars and age or gender of the patients. The prevalence of C-shaped canals was reported to be 13.8% in a study by Ashraf and Grayeli and 3% in a study by Nourmandipour and Nasiri. 24, 25 In a study by Weine et al., the prevalence of C-shaped canals in Caucasians was reported to be 7.2%, 23 while this rate was 6.7% in the United States. 26 The prevalence of C-shaped canals in the mandibular second molars of the Chinese, Taiwanese and Burmese populations ranges from 22.4% to 32.5%, which is largely different from the value found in our study. 20 This difference may be attributed to racial differences as well as different clinical criteria used for the detection of C-shaped canals. 20, 26 On the other hand, our findings, similar to those of previous studies, confirmed the absence of a significant correlation between the prevalence of C-shaped canals and age or sex of the patients. [27] [28] [29] The use of CBCT and the large sample size were among the strengths of this study, which increased the accuracy of the results.
Conclusions
The results of this study revealed higher prevalence of 2-rooted mandibular second molars and 3-rooted maxillary second molars in our study population. Considering the 9.2% prevalence of C-shaped canals in our study population, dental clinicians should pay utmost attention to detecting such canals in order to increase the success rate of root canal treatment. Failure in detection and treatment of a second mesiobuccal canal decreases the longterm success rate of endodontic treatment. Cone-beam computer tomography can be used as a non-invasive imaging modality with high accuracy for the detection of additional roots and canals, including C-shaped canals. It provides clinicians with valuable information about the root canal anatomy.
